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PROBLEM TO BE SOLVED: To solve problems wherein after the first ink drop is ejected in a 
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ejected so that it is hard to achieve high speed driving by such a driving method. 
SOLUTION: A driving pulse consists of a pulse having a first voltage V1 for enlarging an ink channel 
and a pulse having a second voltage V2 for reducing the ink channel. As the rate of the first voltage V1 
to second voltage V2 is selected, it is possible to stably drive the ink channel at a high speed. 

Data supplied from the esp@cenet database - 12 



. ./abstract?C Y=ep&LG=en&PNP= JP200 1 3 1 046 1 &PN=JP200 1 3 1 046 1 &CURDRAW=1 £003/06/ 10 



bins 2003/6/6 &$l§l& (tt&O 3) : #:B 31*^- Page. 123 



#H: P Wfff W®#"§-: #12 000-1 2 7 5 8 2 («12¥ (2000) 41 2 7 0) 

<&»##-: #1200 1-3 1 04 6 1 (?^13* (200 1) 1 1^60) 

fflJRA = =>-#t*5fc£tt (1) 



•y &S£*-T 5fllJIVl©^tffi/h$«|!21ffV2 © aVK* fe 5 <D# 
liEVl t|&2«jEV2<Dtt£5SIR-r3r t(cj;t). i«a[-«fifJtb*:>f v^^-t^©»»S:BrtB 

IPC: *B41J2/045 > IB41J2/055 
IPC: 

7!)-kw: -rv^ wt ss, *i. mm -otm, sra, b*j&, 12, sam, ^/v*. 

mmm, it, sse, k» ftm prt&, m$c, at* g&, ^a, ji« jsrm 

att#* : 

: 

mmmm ■■ «» 



ttftUJK : (0) 



2000/04/27 63 ttiJK&& 21000 



s#^^b mm iffi>-r *x 

2000/05/01 ZS te^#3g^ 



JP0600012. DAT 



Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2001-310461 
(43)Date of publication of application : 06.11.2001 



(51)Int.CI. 




B41J 2/045 
B41J 2/055 




(21)Application number 


2000-127582 


(71)Applicant 


: KONICA CORP 


(22)Date of filing : 


27.04.2000 


(72)Inventor : 


ASANO KAZUO 








TAKEUCHI YOSHIO 








KITAMI AKIKO 








TAKEUCHI HIROSHI 



r 



(54) INK DROP EJECTION DEVICE 
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PROBLEM TO BE SOLVED: To solve problems wherein after the first ink 
drop is ejected in a conventional device, an ink meniscus is returned to a 
rest position and then the second ink drop is ejected so that it is hard to 
achieve high speed driving by such a driving method. 
SOLUTION: A driving pulse consists of a pulse having a first voltage V1 for 
enlarging an ink channel and a pulse having a second voltage V2 for 
reducing the ink channel. As the rate of the first voltage V1 to second 
voltage V2 is selected, it is possible to stably drive the ink channel at a 
high speed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An ink channel, and electrical and electric equipment and a machine conversion means of changing capacity 
of said ink channel, The 1st pulse which it has [ pulse ] a nozzle which injects ink and makes said electrical and electric 
equipment and machine conversion means generate negative pressure in said ink channel, It is the ink drop fuel injection 
equipment which impresses the 2nd pulse which generates a positive pressure in said ink channel following it, and 
injects an ink drop from said nozzle. After injecting the 1st ink drop by the 1st driving pulse which has said 1st pulse 
and said 2nd pulse, when not returning to a static position before an ink meniscus of said nozzle injects an ink drop The 
2nd driving pulse which has said 1st pulse and said 2nd pulse is impressed. An ink drop fuel injection equipment 
characterized by injecting the 2nd ink drop, using a ratio [V1/V2] of an absolute value VI of voltage of said 1st pulse in 
said 2nd driving pulse, and an absolute value V2 of voltage of said 2nd pulse as 1.2 <= [V 1/V2] <=5.0. 
[Claim 2] An ink drop fuel injection equipment according to claim 1 characterized by injecting the 2nd ink drop by said 
2nd driving pulse which has the ratio [V 1/V2] of an absolute value V2 of voltage of said 2nd pulse to an absolute value 
VI of voltage of said 1st pulse in the range of 1.5 <= [VI /V2] <=3.0. 

[Claim 3] An ink drop fuel injection equipment according to claim 1 or 2 characterized by constituting from a 
piezoelectric device which has said two or more ink channels, and said electrical and electric equipment and machine 
conversion means deform for a septum of two or more of said ink channels in shear mode. 

[Claim 4] An ink drop fuel injection equipment given in any 1 term of claims 1-3 characterized by duration of said 1st 
pulse being AL (half of an acoustical resonant period) of said ink channel substantially. 

[Claim 5] An ink channel, and electrical and electric equipment and a machine conversion means of changing capacity 
of said ink channel, The 1st pulse which it has [ pulse ] a nozzle which injects ink and makes said electrical and electric 
equipment and machine conversion means generate negative pressure in said ink channel, It is the ink drop fuel injection 
equipment which impresses the 2nd pulse which generates a positive pressure in said ink channel following it, and 
injects an ink drop from said nozzle, gamma (an unit is 10-3 N~m -1) and viscosity for surface tension of ink eta (an unit 
is 10-3 Pa/s), When AL (a half of an acoustical resonant period and an unit are mus) of r (an unit is mum) and said ink 
channel and an injection period of an ink drop are set to T (an unit is mus) for a diameter of said nozzle, it is [T/AL]<= 
[3. Ox etaxr/gamma]. And said 1st pulse which has the ratio [VW2] of an absolute value V2 of voltage of said 2nd pulse 
to an absolute value VI of voltage of said 1st pulse in the range of 1.2 <= [V1/V2] <=5.0, An ink drop fuel injection 
equipment characterized by injecting an ink drop by driving pulse which has said 2nd pulse. 
[Claim 6] An ink drop fuel injection equipment according to claim 5 characterized by injecting an ink drop by said 
driving pulse which has the ratio [VI /V2] of an absolute value V2 of voltage of said 2nd pulse to an absolute value VI 
of voltage of said 1st pulse in the range of 1.5 <= [V1/V2] <=3.0. 

[Claim 7] An ink drop fuel injection equipment according to claim 5 or 6 characterized by constituting from a 
piezoelectric device which has said two or more ink channels, and said electrical and electric equipment and machine 
conversion means deform for a septum of two or more of said ink channels in shear mode. 

[Claim 8] An ink drop fuel injection equipment given in any 1 term of claims 5-7 characterized by duration of said 1st 
pulse being said AL of said ink channel substantially. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the ink drop fuel injection equipment which 
injects an ink drop by impressing a driving pulse to the electrical and electric equipment and a machine conversion 
means. 
[0002] 

[Description of the Prior Art] Although the method of versatility [ fuel injection equipment / ink drop ] is proposed, a 
shear mode ink drop fuel injection equipment is in one of them, and drawin g 1 and drawing 2 are drawings showing the 
example of the ink drop fuel injection equipment indicated by JP, 10-272771, A as one example. For the ink meniscus 
and S in which a nozzle formation member and 3 are formed in of a nozzle, and 4 is formed [ 1 ] for an ink tube and 2 in 
ink, as for a cover plate and 7, the side wall as the electrical and electric equipment and a machine conversion means 
and 6 are [ an ink feed hopper and 8 ] substrates in d rawin g 1 . And the ink channel A which is ink passage as shown in 
drawing 2 is formed by the side wall S, the cover plate 6, and the substrate 8. Although the nozzle 3 is formed in each 
ink channel, it has omitted by a part of drawing 2 . 

[0003] although the cross section of one ink channel which has one nozzle is shown in drawing 1 , the actual shear mode 
ink drop fuel injection equipment H shows to drawing 2 (a) — as — two or more side walls [ between / a cover plate 6 
and substrates 8 ] SI and S2 the ink channels Al and A2 separated by Sn+1, and much An(s) are constituted. The 
end of the ink channel Al is connected with the nozzle 3 formed in the nozzle formation member 2, it connects with the 
ink tank which is not illustrated with the ink tube 1 through the ink feed hopper 7, and the other end forms the ink 
meniscus 4 in ink in said nozzle. And the electrodes Ql and Q2 by which adhesion formation was carried out, and the 
electrodes Q3 and Q4 by which adhesion formation was carried out at the side wall S2 are formed on the side wall SI, 
for example, the same — the ink channel A2 and ... adhesion formation of the electrode is carried out at each side wall of 
An, respectively. As shown in drawing 2 (b), an electrode Ql is connected to a ground and the driving pulse which has 
the 1st positive pulse of the peak value VI (absolute value) as shown in drawing 7 , and the 2nd negative pulse of peak 
value V2 (absolute value) by the drive circuit which is not illustrated is impressed to an electrode Q2. An ink drop is 
injected from a nozzle 3 by actuation stated below by this driving pulse. Conventionally, the voltage of V1=V2 was 
impressed. 

[0004] Consisting of side walls S, SI, and S2, the side wall Sa which consists of two piezoelectric material with which 
the directions of polarization differ as the arrow head of drawing 2 (a), (b), and (c) shows Sla, S2a, Sb, Sib, S2b, 
and it operates as an actuator which deforms by impressing a driving pulse. When a driving pulse is not impressed to 
electrodes Q2 and Q3, side walls SI and S2 do not deform like drawing 2 (a), but if said wave-like driving pulse is 
impressed to electrodes Q2 and Q3 The electric field of a right-angled direction arise in the direction of polarization of 
piezoelectric material by voltage +V of this 1st pulse. Side wall Sla and Sib produce ZURI deformation in the plane of 
composition of a side wall. Moreover, side wall S2a, S2b produces ZURI deformation in an opposite direction similarly, 
as shown in drawin g 2 (b), side wall Sla, Sib and side wall S2a, and S2b deform towards an outside mutually, and in 
this example, the capacity of the ink channel Al becomes large. Next, as shown in drawin g 2 (c), said side wall Sla, 
Sib and S2a, and S2b deform into hard flow mutually, the capacity of the ink channel Al is reduced rapidly, and the 
pressure in the ink channel Al changes with the voltage- V of the 2nd pulse of a driving pulse. By this actuation, the ink 
meniscus 4 in the nozzle in some ink which is filling the ink channel Al is changed, and an ink drop is injected from a 
nozzle 3. Each ink channel operates by impression of a driving pulse similarly, and injects an ink drop. 
[0005] if the side walls SI and S2 of the ink channel Al carry out actuation of deformation as mentioned above, in order 
[ however, ] to influence the next ink channel A2 - usually — Al, A4, and A7 ... a pulse in phase - driving — the 
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following period - A2, A5, and A8 - the method of driving .. is performed. [ for example, ] That is, image formation is 
performed by making three ink channels into one unit, and carrying out the sequential drive of the 1 ink channel within 
each unit. 

[0006] Injection of the above-mentioned ink drop fits the driving pulse to which expand, and ink channel capacity is 
made to reduce continuously first to the resonant period of an ink channel using acoustical resonance (it is described as 
resonance below) of an ink channel, and is impressed, and the method of combining the 1st pulse and the 2nd pulse of a 
driving pulse, and using for injection of an ink drop is used. The driving pulse shown in drawin g 7 in the former is the 
voltage of the 2nd pulse following voltage +V1 and this of the 1st pulse fitted to the resonant period of said ink channel. 
- The absolute value of V2 is |V|, respectively, and is equal, and the pulse width of the 1st pulse is the half of a resonant 
period explained later, i.e., AL. Moreover, the pulse width of the 1st pulse is 2AL(s). It is used noting that an ink drop 
can be injected efficiently, if an ink channel is driven by such drive. 
[0007] 

[Problem(s) to be Solved by the Invention] In order to raise image formation speed using an ink drop fuel injection 
equipment, it is necessary to shorten the injection interval (period) of an ink drop and to drive an ink drop fuel injection 
equipment at high speed. However, it turned out that phenomena, like the 2nd ink drop becomes smaller in it becoming 
impossible to make ink inject and injecting the satellite drop which is a small ink drop which accompanies in addition to 
the main ink drops which should be injected than the 1st ink drop tend to happen by involving in air in an ink channel 
from a nozzle if the injection interval (period) of an ink drop is shortened. The following was found when this cause was 
analyzed. 

[0008] When the injection interval (period) of an ink drop was long, after the 1 st ink drop injected, according to the 
capillary tube force of a nozzle and ink, ink was supplied to the ink channel from the ink feed hopper 7, the ink 
meniscus 4 was able to return to said static position, and the decrement of the amount of ink was able to inject the 2nd 
ink drop to stability. However, after injection of the 1st ink drop, when the injection interval (period) of an ink drop 
became short, before the ink meniscus 4 returned to said static position, it turned out that you are going to make it inject 
the 2nd ink drop, and it is driving. 

[0009] Namely, if it drives in order to make the 2nd ink drop inject by the driving pulse (for the absolute value of VI 
and V2 to be equal) shown in drawing 7 before the ink meniscus 4 returns to said static position The ink meniscus 4 
becomes unstable and air is involved in in an ink channel from a nozzle. It becomes impossible to make an ink drop 
inject, and When the satellite drop which is an accompanying small ink drop was injected, or phenomena, like the 2nd 
ink drop becomes smaller than the 1st ink drop tend to have happened and it drove continuously in addition to the main 
ink drops which should be injected, there were troubles, like actuation becomes unstable. 

[0010] Even if this invention solves the above-mentioned trouble and drives an ink channel at high speed, it aims at 

offering the ink drop fuel injection equipment which operates to stability. 

[0011] 

[Means for Solving the Problem] The purpose of this invention is attained by invention shown below. 
[0012] 1. Ink Channel, and Electrical and Electric Equipment and Machine Conversion Means of Changing Capacity of 
Said Ink Channel, The 1st pulse which it has [ pulse ] a nozzle which injects ink and makes said electrical and electric 
equipment and machine conversion means generate negative pressure in said ink channel, It is the ink drop fuel injection 
equipment which impresses the 2nd pulse which generates a positive pressure in said ink channel following it, and 
injects an ink drop from said nozzle. After injecting the 1st ink drop by the 1st driving pulse which has said 1st pulse 
and said 2nd pulse, when not returning to a static position before an ink meniscus of said nozzle injects an ink drop The 
2nd driving pulse which has said 1st pulse and said 2nd pulse is impressed. An ink drop fuel injection equipment 
characterized by injecting the 2nd ink drop, using a ratio [VW2] of the absolute value VI of voltage of said 1 st pulse in 
said 2nd driving pulse, and the absolute value V2 of voltage of said 2nd pulse as 1.2 <= [VI /V2] <=5.0. 
[0013] 2. Ink drop fuel injection equipment given in said 1 characterized by injecting the 2nd ink drop by said 2nd 
driving pulse which has ratio [V1/V2] of absolute value V2 of voltage of said 2nd pulse to absolute value VI of voltage 
of said 1st pulse in range of 1 .5 <= [V1/V2] <=3.0. 

[0014] 3. Said 1 characterized by constituting from piezoelectric device which has said two or more ink channels, and 
said electrical and electric equipment and machine conversion means deform for septum of two or more of said ink 
channels in shear mode, or ink drop fuel injection equipment given in said 2. 

[0015] 4. Ink drop fuel injection equipment given in said any 1 term of 1-3 characterized by duration of said 1st pulse 
being AL (half of an acoustical resonant period) of said ink channel substantially. 

[0016] 5. Ink Channel, and Electrical and Electric Equipment and Machine Conversion Means of Changing Capacity of 
Said Ink Channel, The 1st pulse which it has [ pulse ] a nozzle which injects ink and makes said electrical and electric 
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equipment and machine conversion means generate negative pressure in said ink channel, It is the ink drop fuel injection 
equipment which impresses the 2nd pulse which generates a positive pressure in said ink channel following it, and 
injects an ink drop from said nozzle, gamma (an unit is 10-3 N-m -1) and viscosity for surface tension of ink eta (an unit 
is 10-3 Pa/s), When AL (one unit of bisection of an acoustical resonant period is mus) of r (an unit is mum) and said ink 
channel and an injection period of an ink drop are set to T (an unit is mus) for a diameter of said nozzle, it is [T/AL]<= 
[3. Ox etaxr/gamma]. And said 1st pulse which has the ratio [V 1/V2] of the absolute value V2 of voltage of said 2nd 
pulse to the absolute value VI of voltage of said 1 st pulse in the range of 1 .2 <= [V1/V2] <=5.0, An ink drop fuel 
injection equipment characterized by injecting an ink drop by driving pulse which has said 2nd pulse. 
[0017] 6. Ink drop fuel injection equipment given in said 5 characterized by injecting ink drop by said driving pulse 
which has ratio [VI /V2] of absolute value V2 of voltage of said 2nd pulse to absolute value VI of voltage of said 1st 
pulse in range of 1.5 <= [V1/V2] <=3.0. 

[0018] 7. Said 5 characterized by constituting from piezoelectric device which has said two or more ink channels, and 
said electrical and electric equipment and machine conversion means deform for septum of two or more of said ink 
channels in shear mode, or ink drop fuel injection equipment given in said 6. 

[0019] 8. Ink drop fuel injection equipment given in said any 1 term of 5-7 characterized by duration of said 1st pulse 

being said AL of said ink channel substantially. 

[0020] 

[Embodiment of the Invention] The ink drop fuel injection equipment concerning the gestalt of operation of this 
invention has the mechanical configuration shown in drawin g 1 and 2. However, as a gestalt of operation of this 
invention, it is not restricted to drawing 1 and the thing shown in 2, but there may be a thing of various mechanical 
configurations. Other examples of the ink fuel injection equipment concerning the gestalt of operation of this invention 
are shown in drawing 3 -6. In drawing 3 -5, the same sign is given to the same components as drawin g 1 . 
[0021] L in drawing 3 is the length of the ink channel A, and the half AL of the acoustical resonant period of the ink 
channel A is expressed with AL**L/AC. AC is the speed of the pressure wave in an ink channel. In addition, the length 
of the ink channel A is not a match exactly at geometric length L of drawin g 3 (b), but is the effectual length of the ink 
channel A. ** in said formula includes such semantics. 

[0022] The half AL of the acoustical resonant period of the ink channel A measures the speed of the ink drop which 
impresses and carries out outgoing radiation of the square wave to the electrical and electric equipment and machine 
conversion means of an ink fuel injection equipment, and when fixing the voltage value of a square wave and changing 
the pulse width of a square wave, it is called for as pulse width from which drop speed becomes max. 
[0023] Actuation of each ink channel at the time of the array of the ink channel of the ink drop fuel injection equipment 
shown in drawin g 3 and impression of a driving pulse is shown in drawin g 4 . 

[0024] Electrode Qd is formed in the side wall which it is formed on both sides of the air channel D in which the ink 
channels Al and A2, A3, and ... were formed as an opening, and Electrode Qa is formed in the ink channels Al and A2, 
A3, and the side wall that forms and forms the air channel D. In the example shown in drawing 4 (a) and drawing 5 
(a), pulses PI and P2 are impressed to Electrode Qa from the drive circuit which is not illustrated. 
[0025] First, as shown in drawing 4 (b), the pulse PI of positive voltage +V which expands the ink channels Al and A2, 
A3, and the capacity of ... is impressed to Electrode Qa as the 1st step. Subsequently, as shown in drawin g 5 (a), the 
pulse P2 of negative voltage- V which reduces the ink channels Al and A2, A3, and the capacity of ... is impressed to 
Electrode Qa. 

[0026] Thus, an ink drop flies from the ink channels Al and A2, A3, and ... by impressing the driving pulse which 
consists of pulses PI and P2 to Electrode Qa. 

[0027] Drawing 6 (a) and (b) show the voltage of the above-mentioned ink channels Al and A2, A3, and the electrodes 
Qa and Qd in the drive of ... In this drive, the positive pulse PI and the negative pulse P2 are impressed to Electrode Qa 
so that clearly from drawing 6 (a) and (b). 

[0028] There are other methods explained below as the ink channel drive method. Drawing 6 (c) and (d) show the 
voltage of the electrodes Qa and Qd in these other methods, and in this method, by the drive circuit which is not 
illustrated, as shown in drawin g 6 (c) and (d), while they impress the pulse PI of positive voltage to Electrode Qa, they 
carry out the seal of approval of the pulse P2 of positive voltage to Electrode Qd. 

[0029] The ink channels Al and A2, A3, drawing 5 of the above [ expansion of the capacity of ... ] (b), In the drive 
phase which is performed like the case where it is shown in drawing 6 (a), and reduces the ink channels Al and A2, A3, 
and the capacity of ... As shown in drawin g 5 (b), the same drive as the case of drawin g 5 (a) which impressed negative 
voltage to Electrode Qa is performed by impressing +V positive voltage to the electrode Qd of an air channel. 
[0030] The drive method shown in drawing 5 (b), drawing 6 (c), and (d) is advantageous on layout of a circuit at the 
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point which can be driven using the pulse of positive voltage. 

[0031] Drawing 7 shows the side walls SI and S2 as the electrical and electric equipment and a machine conversion 
means which change a driving pulse into mechanical displacement, and the wave of the driving pulse which ... is driven 
[ driving pulse ] and makes ink inject in the gestalt of operation of this invention, the 1st the driving pulse of drawin g 7 
drives a side wall S as mentioned above, and the capacity of the ink channel A is made to expand - die 2nd drive the 
pulse and side wall S of voltage +V1, and the capacity of the ink channel A is made to reduce -- it consists of a pulse of 
voltage- V2. In addition, in the explanation in the gestalt of operation, except when explaining each ink channels Al and 
A2 and the ink channels Al and A2 and each of ... are called the ink channel A. Moreover, it is shown without the 
side walls SI and S2 and the ink channel configuration section like ... which constitute an ink channel also adding a 
numeric character like a side wall S. 

[0032] if one half of the inverse numbers of the acoustical resonance frequency of the ink channel A is made into Period 
AL (time amount) - usually - the 1st the pulse of voltage +V1 is substantially set up equally to AL in the width of 
face. Moreover, when this period AL supports the length of an ink channel and it drives by this driving pulse, the speed 
which an ink drop injects serves as max. the 1st - voltage +V1 and the 2nd - voltage- V2 are set constant and the pulse 
width (time amount) from which the flight speed of a drop serves as max can be measured as AL from the pulse width 
when changing the pulse width of the 1st voltage VI, and driving it, and the relation of the flight speed of a drop, and it 
is shown in dra win g 7 -- as - the 1st of pulse width AL - after voltage +V1 - the 2nd - the pulse of voltage- V2 and 
pulse width 2AL is impressed. 

[0033] In the gestalt of this operation, after injecting the 1st ink drop for the purpose of driving the ink channel A at 
high speed, when not returning the ink meniscus 4 of a nozzle 3 to the quiescent state before injecting an ink drop, the 
driving pulse which makes the following ink drop inject is impressed. In order to inject the ink drop stabilized on such 
conditions and to enable a high-speed drive, it is required to fulfill the following conditions 1. 
[0034] 

Conditions 1 ... Although it is not necessary to necessarily fulfill conditions 1 about the 1st pulse for injecting the 1st ink 
drop from 1.2 <= [V1/V2] <=5.0 quiescent state, it is desirable to fulfill conditions 1. 

[0035] If said ratios V1/V2 are less than the minimum of said conditions 1 or it exceeds a maximum, the case where an 
ink drop is not injected arises, or even if an ink drop is injected, an ink drop will become irregular, or a satellite drop 
will occur, and image quality will deteriorate. 

[0036] If said ratios V1/V2 exceed the maximum of said conditions 1, an ink drop will become irregular, or a satellite 

drop will occur, and image quality will deteriorate. Moreover, the case where ink is not injected arises. 

[0037] It is desirable that said ratios V1/V2 fulfill the following conditions 2, when attaining a high speed and high 

definition more. 

[0038] 

Conditions 2 ... It depends for the return of 1 .5 <= [VI N2] <=3.0 and the ink meniscus 4 of a nozzle 3 on the length of 
the physical properties of ink, the diameter of a nozzle, and an ink channel. It turned out that the reset time of an ink 
meniscus and the ratio of AL, i.e., (the reset time of an ink meniscus / AL), serve as (3. Ox etaxr/gamma). That is, before 
the back space of an ink meniscus returns by injection of the ink drop in the 1st driving pulse, high-speed drive of 
injecting by the 2nd driving pulse can be expressed with the following conditions 3. 
[0039] 

Conditions 3 ... (T/AL)<= (3.0x etaxr/gamma) 

the time of performing an ink channel drive by ****** ~ the 1st ~ the 2nd to voltage +V1 ~ if the ratio [V 1/V2] of the 
absolute value of voltage- V2 impresses on the aforementioned conditions 1, i.e., within the limits of 1.2 <= [V 1/V2] 
<=5.0, it can drive to stability. 

[0040] However, surface tension of ink is set to gamma (an unit is 10-3 N-m -1), and the injection period of AL (an unit 
is mus) and an ink drop is set [ viscosity / the diameter of eta (an unit is 10-3 Pa/s) and said nozzle ] to T (an unit is mus) 
for the half of the acoustical resonant period of r (an unit is mum) and said ink channel. 

[0041] If said ratios V 1/V2 are less than the minimum of said conditions 1 or it exceeds a maximum, the case where an 
ink drop is not injected arises, or even if an ink drop is injected, an ink drop will become irregular, or a satellite drop 
will occur, and image quality will deteriorate. 

[0042] Furthermore, it is desirable when setting said ratios VW2 to 1 .5 <= [VW2] <=3.0 attains a high speed and 

high definition more under said conditions 3. 

[0043] 

[Example] Two kinds of arm heads described below and two kinds of ink are used, and they are voltage +V1 of a pulse 
PI, and the voltage of a pulse P2. - The ratio [V1/V2] of the absolute value of V2 is changed. Moreover, the voltage of a 
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driving pulse is set up so that the flight speed of an ink drop may serve as 6 m/s. the ratio of the path of the 1 st ink drop 
and the 2nd ink drop ~ raised D, the condition of satellite drop generating, and voltage, flight speed was made to 
increase, and the maximum flight speed AIL (m/s) in which the injection before it involves in air from a nozzle and 
injection of an ink drop becomes impossible is possible was measured, the ratio of the path of the 1st ink drop and the 
2nd ink drop ~ D is so good that it is close to 1, and satellite drop generating is so good that it is small. Moreover, the 
maximum flight speed AIL is so good that it is large. 

[0044] As two kinds of used arm heads, head ** is an arm head 9.0 microseconds and whose diameter of a nozzle one 
half of the acoustical resonant periods of an ink channel (AL) is 41 micrometers. Moreover, head ** is an arm head 5.2 
microseconds and whose diameter of a nozzle one half of the acoustical resonant periods of an ink channel (AL) is 20 
micrometers. 

[0045] As two kinds of used ink, ink ** is ink adjusted so that a copper phthalocyanine might be distributed to the 
mixed solvent of the hydrocarbon of carbon numbers 15-20 and viscosity 9.5x10-3 Pa/s and surface tension might 
become 28x10-3 N-m -1. Moreover, ink ** is ink adjusted so that a copper phthalocyanine might be distributed to the 
mixed solvent of ethylene glycol, a glycerol, and water and viscosity 4.3x10-3 Pa/s and surface tension might become 
44x10-3 N-m -1. 

[0046] A measurement result is shown in a table. The driver voltage V of a table is the voltage value VI of the 1st pulse 
driven so that the flight speed of said ink drop might become 6 m/s. Moreover, from the driver voltage which made the 
ink drop inject by said flight speed 6 m/s, one by one, the maximum flight speed AIL (m/s) raises voltage, and goes and 
measures it. 

[0047] An example 1 is the case where the 2nd ink drop is driven, before it uses said ink ** and head **, it drives so 
that the injection interval (period) of an ink drop may be set to 144 microseconds, and the ink meniscus 4 returns to a 
static position after injection of the 1st ink drop. It is what was shown in reference as contrasted with the example 1, and 
except having driven so that the injection interval (period) of an ink drop might be set to 495 microseconds, the 
examples 1 of a comparison are the same conditions as an example 1, and after an ink meniscus returns to a static 
position after injection of the 1st ink drop in this case, the 2nd ink drop is driving them. An example 2 is the case where 
the 2nd ink drop is driven, before it uses said ink ** and head **, it drives so that the injection interval (period) of an ink 
drop may be set to 20.8 microseconds, and the ink meniscus 4 returns to a static position after injection of the 1st ink 
drop. It is what was shown in reference as contrasted with the example 2, and except having driven so that the injection 
interval (period) of an ink drop might be set to 36.4 microseconds, the examples 2 of a comparison are the same 
conditions as an example 1, and after an ink meniscus returns to a static position after injection of the 1st ink drop in this 
case, the 2nd ink drop is driving them. The flight speed range of AIL of an ink drop is widely desirable so that it is 
large, and, as for an ink drop, it is desirable that it is always uniform, and it is so good that the value of a "drop 
quantitative ratio" is small. And since satellite drop generating degrades image quality, few values of "satellite 
generating" are so good that there are. 

[0048] In an example, the ink flight property that ratios V1/V2 are desirable in 1.2 <= [V1/V2] <=5.0 is acquired so that 
clearly from tables 1 and 2. In the range of 1.5 <= [V1/V2] <=3.0, the flight property of a desirable ink drop is acquired 
especially. 
[0049] 

[A table 1] 
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[0050] 
[A table 2] 
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[0051] The examples 1 and 2 of a comparison shown in tables 3 and 4 are driving the ink channel by low drive 
frequency, and it cannot be overemphasized that the flight property of ink is good. However, in the example of a 
comparison, there is no change in the flight property of an ink drop to fluctuation of ratios V 1/V2 so that clearly from 
tables 3 and 4. In order that the conditioning about the ratios VW2 in the high-speed drive of an ink channel may 
acquire the flight property of a good ink drop also from this, it turns out that it is an important element. 
[0052] 
[A table 3] 
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[0053] 
[A table 4] 

<W2) m& 4.3X10" 3 Pa/s. mm&1] 44X10 -3 N • m 
A7h*@ CrjV_20/<nK AL5.2^s) 

wibmm 36. 4 M s, jrmwmwumittttinijLWt 

[T/AL] =7, [3.0X 7 Xr/y] =5.9 



-1 



V1/V2 




1.0 


1.2 


1.5 


2.0 


3.0 


4.0 


5.0 


6.0 


eu*E 


V 


10.1 


11.0 


11.4 


11.7 


12.0 


12.3 


12.4 


13.0 


AIL 


m/s 


15.0 


15.4 


14.8 


14.7 


14.4 


14.6 


14.5 


12.9 






1.01 


1.01 


1.02 


1.02 


1.01 


1.04 


1.08 


1.17 


WHY 






* 












* 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



12/22/2003 



Page 7 of 7 



[0054] The relation between the reset time of an ink meniscus, and ink physical properties and a head configuration was 
measured. As a result, it turned out that the reset time of an ink meniscus is related to the half (AL) of the surface 
tension of ink, viscosity, the diameter of a nozzle, and the acoustical resonant period of an ink channel. The result of 
having compared with [3. Ox etaxr/gamma] the value which broke the reset time of an ink meniscus by the half (AL) of 
the acoustical resonant period of an ink channel was shown in a table 5 and drawing 8 . However, for gamma, in a table 
5 and drawin g 8 , the surface tension (an unit is 10-3 N-m -1) of ink and eta are [ the diameter (an unit is mum) of a 
nozzle and the unit of an ink meniscus reset time of the viscosity (an unit is ten to 3 Pa) of ink and r ] mus. 
[0055] 
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[0056] In order to impress a driving pulse before the ink meniscus of a nozzle returns to a quiescent state since it is in 
proportionality mostly, [an ink meniscus reset time / AL], and [etaxr/gamma] can be made into the standard of how to 
set up ratios V 1/V2 to the physical properties of ink, and the diameter of a nozzle, so that clearly from a table 5 and 
drawin g 8 . 

[0057] Voltage of the 2nd pulse [ as opposed to voltage +V1 of the 1st pulse of a driving pulse the case of the above 
measurement result to [T/AL]<= [3. Ox etaxr/gamma] ] - Even if it shortened the injection period of an ink drop by 
choosing the ratio [V1/V2] of the absolute value of V2, it became clear for injection of the ink drop by which the 
configuration of an ink drop and the generating condition of a satellite drop were also stabilized satisfactory to be 
possible. 

[0058] Then, it is the voltage of the 2nd pulse [ as opposed to voltage +V1 of the 1st pulse in fact ]. - If it is effective to 
use it in 1.2 <= [V1/V2] <=5.0 and it uses especially the ratio [V1/V2] of the absolute value of V2 in 1.5 <= [V1/V2] 
<=3.0, a more nearly high-speed drive will be attained. 
[0059] 

[Effect of the Invention] The ink drop stabilized at high speed was injected by claims 1, 3, 4, 5, and 7 or invention of 8, 
and the drive of the ink drop fuel injection equipment which forms the good image of image quality was attained. 
[0060] By claim 2 or invention of 6, the ink drop stabilized more at high speed was injected, and the drive of the ink 
drop fixel injection equipment which forms the good image of image quality was attained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 7] 




[ Drawin g 8] 
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